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Techniques have been developed for the isolation, separation, and identification of vola-
tile components of various foodstuffs such as meat, fish, vegetables, and coffee. Isolation
and separafion are accomplished by low-temperature, high-vacuum distillation tech-
niques and by gas chromatography. Three main fractions are uvsually obtained by the
low-temperature, high-vacuum technique: o carbon dioxide fraction, o center cut, and
a water fraction. Further separation is required before final identification of the com-
ponents by mass spectrometry con be made. The efficiency and advantages of the
different separation techniques are discussed. Some results of studies of the volatile
components isolated from samples of irradiated beef are given.

THE GREAT POTENTIAL of the mass
spectrometer, as an analytical de-
vice, for the determination of volatile
components of foodstuffs has been de-
scribed (2}, In order to utilize fully the
capabilities of the mass spectrometer,
however, reliable methods must be avail-
able for the collection and separation of
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the samples of volatile components o be
analyzed.

It these studies, volatile components
are considered to be these compounds
which may be distilled under a high
vacuum from the food maierial at room
ternperature. This method is more rapid
than flushing the sample with an inert
gas. The vacuum distillation method is
also believed 1 be superior to steam
distillation or solvent extraction methods.
When steam distillation is used, many

compounds may be collected which are
not appreciably veolatile under ordinary
conditions of temperature and pressure,
whereas the use of solvent extraction
methods introduces the added complica-
tion of solvent removal in subsequent
separation steps.

Collection and Separation

The basic high-vacuum, low-tempera-
ture distillation apparatus emploved for
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collecting the samples and for subsequent
scparations consists of two gas bottles
fitted with stopcocks attached to a
vacuum manifold. The sample is placed
in one of the gas bottles and ceoled to
—196° C. with liquid nitrogen while air
is pumped from the system. A final

pressure of about 1 micron can usually

be obtained. The vacuum pump is then
closed off, and the sample is allowed to
warm up to room temperature. The
volatile compounds are now condensed
in the receiver flask by cooling it with
liquid nitrogen.

A photograph of a typical setup is
shown in Figure 1. The sample is con-
tained in the large flask shown at the
left. This flask will hold a sample of
ground meat, {ish, or vegetable weighing
up to 500 grams. If larger flasks are
employed, stopcocks should have a cor-
respondingly larger bore to permit the
system 1o come to equilibrium within a
recasonahble time. Volatiles were collected

with this apparatus from 200-gram sam-.

ples of irradiated meat.

The sample of volatile components of
the foodstuff collected in the receiver is
called the total condensate and contains
practically all of the odorous compounds
present in the original material.  The
residuc remaining after the volatile com-
ponents have been removed appears to
retain very little of its characteristic odor.
Furthermore, the odor of the total con-
densate is strong and highly characteristic
of the original foodstuff. The sample of
total condensate, however, consists
mainly of water and carbon diexide.
The cdorous compounds constitute less
than 19, of the volume of the total
condensate, It is, therefore, necessary
to separate efficiently the trace amounts
of the odorous materials from the bulk
of the carbon dioxide and water., This
can be done by further high-vacuum low-
temperature distillation.

The apparatus used for separations is
the same as that used for the initial
collection of total condensate, except that
the gas hottles are smaller. At the right

of Figure 1 are shown two gas botiles

used for the separation of a low-temipera-
ture fraction. The total condensate
might be cooled to —140° C. while the
receiver is again at liquid nitrogen tem-
perature.  The apparatus shown with a
stopeock in the center of the manifold
for isolating each half of the vacuum
system permits two pairs of flasks to be
used in this type of bulb-to-bulb distilla-
tion on the same manifold.

The low-temperature, high-vacuum
fractionation of the total condensate is
based on differences in the vaper
pressure—temperature relationships of the
compounds present. A Clausius-Clapey-
ron plot of pressure—temperature data
for some of the compounds which may
be present in a sample of total condensate
is shown in Figure 2. The graph shows
that at —140° C. carbon dioxide has a

vapor pressure of about 400 microns,
whereas all the other components except
hydrogen sulfide, carbonyl sulfide, etc.,
have a vapor pressure of less than a
micron. By cooling the sample of total
condensate to —140° C. and condensing
the carbon dioxide in a receiver at
—196° C., the carbon dioxide is effi-
ciently separated from the rest of the
sample.  Any hydrogen sulfide or car-
bonyl sulfide present will be collected
with the carbon dioxide.

Figure 1.

100

Many components of the mixture may
be scparated from water in a similar
manner at —80° C. Higher boiling
components of the mixture remain un-
scparated in the waterfraction.

A flow sheet for the separation of a
sample of total condensate is shown in
TFigure 3. In order to accomplish the
separations more rapidly, the carbon
dioxide and the other more volatile com-
ponents of the sample which are called the
center cut are first distilled from the
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Figure 5, Gas chromatogram of a meat
odor center cut

Compounds identifled

Air

Carben dioxide
Methyl mercaptan
Methyl formate {fentative)
Acetaldehyde
Dimethyl sulfide
Acefone N
Methanol

Ethyl acohol
Methyl ethy) ketone
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water at —80°% Q. The carbon dioxide
is then separated from the center cut at
—140° C. Further separations of the
center cut can be made by the same
procedure, holding the temperature of
the sample flask at any appropriately
chosen temperature with suitable coolant
mixtures, A typical set of fractions that
might be taken is shown at the bottom
of the figure.

This low-temperature, high-vacuum
distillation method of fractionation does
not give clean-cut separations. It is very
useful, however, because it enables one
to simplify sample mixtures for sub-
seguent mass spectrometric analysis.

An important factor in collecting the
sample of total condensate is the amount
of materia! collected which depends
largely on the sample collection time.
Results of studies made to determine the
optimum time for collecting total con-
densates from meat are shown in Figure
4. Identical samples were collected for
different periods of time and fractionated
into the three main fractions. Pressure
measurements of the carbon dioxide frac-
tions and center cuts were made for fixed
volumes of the gases. The data for all
fractions are plotted on a single graph.
The amount of material in the center cut

786

tends to level off after about 3 hours,
whereas the amount of carbon dioxide
and water continues to increase. As
subsequent separations are accomplished
more easily by keeping the water and
carbon dioxide content to a minimum,
it is obviously undesirable to collect the
total condensate for more than 3 hours
in order to obtain an additional 5 to
109, of the center cut. Subsequent
analysis of the 12-hour sample showed no
compounds that were not identified pre-
viously in a 3-bour sample. The opti-
mum collection time of 3 hours de-
termined here applies only to the par-
ticular apparatus and samples of meat
studied. In other studies the optimum
collection time must be determined for
the particular set of experimental con-
ditions.

Studies have also heen made of the
reproducibility of sample collection by
the vacuum distiliation procedure. Iden-
tical samples of volatiles from meat were
collected with the same apparatus for
3 hours and fractionated into water,
carbon dioxide, and center cut fractions.
Very close agreement was obtained for
pressure measurements on the carbon
dioxide and center cuts. The results are
summarized in Table I. The volume of
water collected from each sample also
did not differ by more than a few tenths
of a milliliter.

Gas Chromatographic Separations

Gas chromatographic separations offer
the most satisfactory means of frac-
tionating the center cut and the carbon
dioxide fraction into their components.

It was necessary to devise special tech-
niques for admitting the sample to the
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chramatography apparatus and for cok
lecting the separated components. The
usual method employed is to transfer an
aliquot of the center cut or carbon di-
oxide fraction into a special type of
sampling tube (7). The transfer is ac-
complished on a vacuum manifold by
evacuating the sampling tube, immersing
it in liquid nitrogen, and then opening
the tube to the original center cut or
carbon dioxide fraction. After transfer,
the sampling tube is attached to the
chromatography apparatus and, after
warming slightly, the sample is swept
onto the chromatographic column with
helium as the carrier gas. As the eluted
components emerge from the column
they are collected successively in separate
cold traps at liquid nitrogen temperature.

The results of a typical gas chromato-
graphic separation of a meat odor center
cut are shown in Figure 5. The column
used consisted of 30% carbowax on 30-
to 60-mesh firebrick and was operated
at 60° C. with a helium flow rate of 70
ml. per minute. The separated com-
ponents were collected and analyzed by
mass spectrometry, The identity of the
various peaks established by mass spec-
trometric analysis is also indicated in
Figure 5. The compounds identified in
this way agree with the results obtained
when separation was accomplished by
low temperature vacuum distillation.
The chromatographic separation may be
accomplished in about 0.5 hour, whereas
the separation by vacuum distillation
requires a day or more.

Studies of Irradiated Meat

The techniques described in the pre-
ceding sections have been used to iden-
tify some of the volatile components
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isolated from irradiated ground beef.

A sample of ground beef, usually about
200 grams, is packaged in the form of a
pattie in a 3-mil Mylar bag. The sample
is flushed with argon before sealing the
package. The sample is then irradiated
with the appropriate dose of electron
radiation in a 1.0-m.c.v. Van de Graaff
electron accelerator,

After irradiation, the packages are im-
mersed in liquid nitrogen until the meat
is thoroughly frozen. “The packages are
then opened and the frozen pieces of
meat are transferred to the glass sample
container which in turn is fitted to the
high-vacuum manifold. The irradiated
sample of meat now contained in the
flask attached to the vacuum system is
held at liquid nitrogen temperature
(—196° C.) while air and argon are
pumped off. The sample is then allowed
to thaw, and when it has come to equilib-
rium at room temperature (25° C.} the
total condensate is collected and sub-
sequently separated and analyzed.

Analyses were made of duplicate
samples of a control and of ground beef
irradiated at 2, 4, and 6 megarad. The
following compounds were found in the
center cuts of the irradiated samples:

Acetaldehyde Methy! mercaptan

Acetone Dimethyl sulfide

Methyl ethyl Dimethyl disulfide
ketone

Methanol Ethyl mercaptan

Isobutyl mercaptan

Ethyl alcohol

All of these compounds except di-
methyl disulfide and isobutyl mercaptan
were also found in the controls, It
should not be inferred, however, on the
basis of the present data that dimethyl
disulfide and isobutyl mercaptan are com-
pounds which may be significantly asso-
ciated with irradiated meat, as the pos-
sibility exists that they may also be
present in the nonirradiated meat in
amounts too small to be detected by the
techniques used in this investigation. On
the other hand, it should not be con-
cluded that the compounds shown repre-
sent a complete list of those present in
the center cut,

In general, the amounts of the com-
pounds increased in the irradiated sam-
ples.  Furthermore, the increase was
proportional to the radiation dose. The
relative increase in the amount of com-
pound with increasing dose is indicated
by the graphs shown in Figures ¢ and 7
for carbonyl and sulfur compounds, re-
spectively.  The curves in Figure 7
originate at the lowest dose level, as
there is no apparent continuity in the
concentration of sulfur compounds as a
function of radiation dese between zero
and some finite radiation level, The
trace amounts of sulfur compounds found
in the controls do not show on the graph,
The amount of methyl and ethyl alcohols
increased with increasing radiation dose.

The relation of the compounds found
in the center cut to the odor of the ir-
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radiated beef is unknown at preseint,
except that they probably contribute in
part. It is known, however, that othn
compounds which are odorous remad-
unseparated in the water fraction. Stuer
ies are in progress to isolate and identify
these compounds.
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